A series of 132 cases from three hospitals in Antalya Province were studied. All cases were molecularly screened using non-radioactive Expand Long PCR method that was confirmed by Southern blotting. RESULTS: Seventeen out of 132 cases were found to have a full mutation, including three that were mosaic for premutations/full mutations. Of the 132 cases, eight were found to have the premutation size of the CGG repeats. The remaining 107 cases were identified as normal. CONCLUSIONS: Due to premature ovarian failure and Fragile X premutation Tremor/Ataxia Syndrome related with the premutation, the detection of the premutation will provide valuable information both for clinical follow-up and genetic counseling. In conclusion, our data suggest that expansion of CGG repeats in the FMR1 gene can be analyzed by Expand Long PCR, an efficient and non-radioactive method that can be used to monitor the expansion of premutation to full mutation, which would eventually lead to reduce the FXS prevalence.
The fragile X syndrome (FXS) is the most common inherited form of mental retardation. The molecular basis of the syndrome is usually an expansion of a repetitive CGG triplet sequence located in the 5'-untranslated region (5'-UTR) of the FMR1 gene. [1] Rarely, FXS results from other molecular alterations (such as point mutations or deletions) within the FMR1 gene. [2] The normal number of (CGG) n repeats is polymorphic and varies from 6 to 50. [3] When the expanded repeat numbers range from 50 to 200, the allele becomes unstable in the intergenerational transmissions and is termed as premutation. [4] The expansion of the number of repeats above a threshold of approximately 200 repeats, results in hypermetylation of the FMR1 promotor region and a lack of gene expression. This allele is termed as full mutation. Alleles with >200 triplets are highly unstable during somatic development and inheritance. Alleles that are called 'Grey zone' (approximately 50-60 triplets) are stable in somatic development, yet their stability in transmission is unpredictable. [5] Mosaicism, methylation and size mosaicisms, is also frequent in the FXS and closely associated with clinical variability. Although the frequency of FXS has been estimated to be approximately 1 in 4000 males and 1 in 6000 females, [6, 7] the frequency of premutation in the general population is ~1 in 259 females and 1 in 813 males. [8, 9] The premutation in the FMR1 gene has been reported to be associated with premature ovarian failure. [10] On the other hand, recently, Jacquemont et al [11] reported fragile X premutation tremor/ataxia syndrome in a series of 26 patients, all >50 years of age, who were carriers of the fragile X premutation, and affected by a multisystem, progressive neurological disorder. Due to increasing clinical impor tance and high prevalence, the identification of the premutation carriers, which can be detected only by direct molecular analysis is very important.
[12] Here, we aimed to detect the mutations by using an efficient and reliable PCR protocol which enables the amplification of normal, premutated and full mutated alleles in index cases and in members of the families with FXS, and to give effective genetic counseling in the Antalya Province.
MATERIALS AND METHODS
We prospectively analyzed DNA samples isolated from the peripheral blood of 95 males and two females who had been clinically diagnosed as having FXS according to Hagerman 5 -3′ probe in DIG Hybridization Buffer at 60°C shaking in a hybridization oven for 16 h. After washing off the membrane, the bands were detected according to the procedures described in the DIG-Luminescent Detection Kit (Boehringer Mannheim). After the incubation of CSPD at 37°C for 15 min, the membrane was exposed to Hyper ECL film (Amersham) for 10-15 min. [13, 14] Normal, premutation and full mutation DNA samples were ran in each study as a control and premutations and full mutations were confirmed by Southern blotting during the initial studies. [15] 
RESULTS
Ten of the 97 index cases were found to have full mutation by Expand Long PCR-based method. Two out of ten had both a premutation and full mutation band. A smear pattern was detected in the other eight patients. The remaining 87 cases were found to have normal sizes of the CGG repeats. Excluding seven index cases, 15 of 42 members in seven families were found to have an increase of the CGG repeats. Seven and eight of these were carriers of full mutations and premutations, respectively. One out of seven full mutation carriers had both premutation and full mutation sized bands. The remaining 20 members of the families had normal size of the CGG repeats.
The results of the FMR1 (CGG) n mutation analysis in seven families are shown in Table 1 . Figures 1A and 1B show the step-increasing transmission of the CGG repeats in one of the families. The premutation was transmitted with a little expansion in the premutation range from female (grandmother) (I-2) to female (mother) (II-2), then expanded to full mutation in the child (grandson) (III-2) in Family 4. Two of the mosaic patterns were transmitted from a mother with full mutation in Families 1 and 3, respectively. The remaining one, from Family 2, was observed to be transmitted by a mother with premutation (Table 1 ). 
DISCUSSION
In our laboratory, the fragile X mutations had been analyzed using both cytogenetic and genomic Southern blotting (with StB12.3 probe and double digestion) until 2001. [15] We also started to analyze simultaneously the fragile X mutations using the Expand Long PCR protocol in probands and their families. In the present study, using this protocol, we found full mutation in 10 of the 97 index cases who have a score of 13 or higher according to Hagerman's Checklist. Seven full mutations and eight premutation carriers were also found among 42 members of their families. The DNA analysis of families with apparently isolated cases of FXS indicates that even distant relatives are at risk to be carriers. For this reason, it is imperative that members of these families be offered FMR1 DNA studies. Our results suggest that this technique is useful to detect the intergenerational instability of CGG repeats in the FMR1 gene in index cases with FXS and in their families. However, in general, the only limitation of this technique is the smear appearance of full mutations ( Figure 1B) . Although full mutations were detected mostly as a smear, the three patients who had both full mutation and premutationsized fragments were also identified. These band patterns may or may not reflect the true heterogeneity of genomic DNA isolated from peripheral blood. Also, these band patterns observed in peripheral blood may or may not reflect the true heterogeneity of brain and other tissues. Two of the mosaic patients were index cases with mental retardation (Family 2-7 and Family 3-3 in Table 1 ). The other one was a member of Family 1 with mild mental retardation (Family 1-6 in Table 1 ). This clinical our data show that all the members with/ without clinical findings of FXS in the families with FXS should be screened by the PCRbased method to follow the transmission of the CGG repeats and to give correct genetic counseling to families. difference may be due to the ratio of the premutation and full mutation in the brain neurons. Also, these findings show that all family members with or without clinical features should be screened in the families with FXS.
An issue for mothers with premutation alleles is the possibility of transmitting a full mutation to her offspring, as well as premature ovarian failure, [16] which we could not study in the women with premutation. In 2001, a new condition was reported in some adult males with premutation, it was called Fragile X Tremor ataxia syndrome (FXTAS). [11, 17, 18] These findings raised additional issues that should be considered by genetic counselors. In our study, no males with premutation were found, but there were three mosaic males. Due to no welldescribed clinical features and the high prevalence of premutation carriers, the premutation carriers must be diagnosed by an efficient molecular technique such as the PCRbased method that can identify accurately the CGG repeat size, and that we used in the present study. Two male fetuses were prenatally diagnosed with this method, one had a normal allele and the other carried a full mutation. These results were confirmed by Southern blot using EagI/EcoRI double digestions. We started the screening of the general population for the prevention of the birth of a child with FXS or beta-thalassemia in Antalya. The index cases that were found to be normal for the CGG repeats will be screened to detect other molecular alterations (such as point mutations and deletions) in the FMR1 gene. We believe that the recording and following of families with FXS will provide prenatal diagnosis and the usage of a possible treatment opportunity in the future. As a result,
